INTRODUCTION
Time of flight (TOF) measurements are used in high energy particle physics experiments to: 1) distinguish background from events and 2) identify particle types. An example of background separation is shown Fig. 1 .l These data come from a coincidence electro-production experiment performed at SLAC. The reaction being studied was e + p + e' + p' + X
where the e(p) stand for an initial and detected electron (proton) and X is a produced but undetected final state with a mass in the p meson region.
Plotted in Fig The chance background is proportional to the product of the electron counting rate, the proton counting rate and Ar. Smaller
Ar means that higher electron and proton counting rates may be tolerated and-result in a similar signal-to-noise ratio.
The second use of TOF measurements is to identify particle types.
To utilize TOF measurements for particle identification requires that the momentum, p, of the particle also be measured. Plots (a) and (b) are two different kinematic settings. where 1 o is the time for a particle travelling at the speed of light to traverse the same flight path (e.g. r. = d/c where d is the length of the flight path and c is the speed of flight.) Formula (1) has been used to produce the curves shown in Fig. 2 for various pairs of particles versus momentum. For these calculations a flight,path of-l.5 meters was used (to = 5 nsec) as this is a representative length for detectors used at storage rings.
The particle's mass is calculated using M2 =
and has an uncertainty of AM2 = 2p2&q9 (24 (2b) due to the precision of the measurement of T, AT. Formula (2b) shows that particle identification using TOF measurements becomes worse as the square of the particle's momentum. To achieve the same mass resolution (and therefore the same level of particle identification) at twice the momentum requires a four-fold improvement in the TOF measurement (AT must be decreased by a factor of 4.)
To illustrate this technique, in Fig. 3 data from the Mark II collaboration are shown.2 Clear bands of events occur at low momentum for R'S, K's and P's. As the momentum is increased the bands broaden and eventually merge together at about 1 GeV/c. The TOF resolution for the counters used by the Mark II is quoted to be 300 psec for hadrons averaged over the entire system. .* - where n is the index of refraction of the Cerenkov radiating medium.
Energy deposition measurements (dE/dx) also scale in n and these three techniques for particle identification are shown in Fig. 4 versus n.
Particles with n's to the right of the curve in Fig. 4a will be well identified.
For threshold Cerenkov counters the range in momentum over which particles will be separated is pl -p2 = n(M1 -M2). For dE/dx measurements the range in momentum over which particles will be identified can be estimated by resealing Fig. 4c by the appropriate particle masses; each particle type gives the same dE/dx curve shifted by an amount proportional to its mass. As such the curves for electrons, pions, kaons, and.protons crossover each other in the momentum range of .8 GeV/c -2 GeV/c. n/K separation as a function of momentum and n is shown in Fig. 5 for these three techniques. This figure shows that the region where TOF measurements can play an important role is between 800 MeV/c and 2.0 GeV/c. This region is also covered by aerogel Cerenkov counters butThe advantage of being able to distinguish backgrounds (such as cosmic rays) from events and achievable granularity of detectors makes TOF measurements the method of choice for most experiments.
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where L is the length of the scintillator. From Eq. (4a) we see that x is independent of T and similarly from (4b) that r is independent of x. The light pulses generated by the three scintillators shown in Fig. 7 are similar and a quantitative comparison is given in Table I (6) which gives Oeff z 33" (compare to OINT Z 39').
In typical counters the light will have been internally reflected some 30 times before reaching the light pipe. This implies that the surface quality of the scintillator is very important.
The light pipe transmits the light emerging from the scintillator onto the photocathode. Usually the area of the photocathode is small compared to the cross-sectional area of the scintillator. Light will be lost in making this transition, but its important that these losses be mini.&zed and uniform over the cross-section of the scintillator and that the transit time from all points on the end of the scintillator to the P IO I A PSC is shown schematically in Fig. 11 . The anode is made of semi-conducting glass with a volume resistance of 10' -lOlo fi-cm.q
Typical anodes used in test counters have had an area - The two electrode surfaces are held apart to form a gap of 100-200 pm.
The gap should be uniform to a few percent. To accomplish this two techniques have been used so far. The first, used by the experimenters at Novosibirsk1o consists of "outriggers" placed well away from the gap.
The second, used by us at ST&I, are metallic shims placed inside the gap between the semi-conducting anode and copper cathode. This short circuits the gap at the spacer's location and the semi-conducting glass lms the current to ul uA. The semi-conducting glass also grades the electric field from zero at the spacer to full value in a distance proportional to the thickness of the semi-conducting glass. The "outrigger"
and "in-gap-spacer" schemes result in dead area and a more clever approach needs to be found.
Between the electrodes , gas at high pressure (6) (7) (8) (9) (10) where 6 is the gap dimension. These initial ionizations quickly avalanche and this process can be described as a function of time, t, by
where c1 is the number of ion pairs produced per unit length of drift for electrons (~1 is the first Townsend coefficient) and v is the electron drift velocity. The value l/uv is the time required for the avalanche to grow by "e" and sets the time scale for these counters. At the highest operating voltages the pulse height distribution has a much larger mean value and is about 100% FWHM. A typical pulse height distribution is shown in Fig. 13 at high voltage.
The maximum voltage obtainable for a fixed operating pressure depends on the U.V. light absorption properties of the gas. Ultraviolet photons must be absorbed by the gas before travelling far enough through the gap to regions of high electric field where a secondary spark may be induced through photo-ionization. The various organic gases mentioned earlier were selected to extend the U.V. absorption of the gas to long wavelengths.
In particular the l-3 butadiene and ethylene extend the absorption of U.V. light from 1600 1 (the isobutane cut off) to about 2250 1. The U.V. absorption properties of these -gases is shown in Fig. 14 (Ref. 12) . This is done by equating the spark's charge, Q,, to an area times the surface charge density, os:
rs=g=Jz. The delay time, tD, after the passage of a charged particle through .
the spark gap until a streamer is formed is proportional to 2. Variations in t D can come from many sources but it is hard to imagine sources that don't also scale as -.
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In Ref. 10 measurements of both tD and the time resolution are presented and a graph of these measurements is shown in Fig. 15 . The ratio of tD to the time resolution is approximately constant and both change very rapidly with increasing electric field strength.
An analytic model for $ can be formed by using Eq. (10) 
k is a constant which depends on the gas. Thus
The lines in Fig. 15 indicate the variation in $ using the value of B determined from the fit to the threshold curve.
In Table III data for three different counters are given.8r10 If B is assumed not to be strongly dependent on the composition of the gas -then a comparison of these counters is possible by introducing a correction for the various E/P values at which measurements were made. These corrected values (to E/P = 70 V/cm-torr) given in column 8 of Table III and are plotted against E in Fig. 16 . A fit to these data gives the following "rule-of-thumb" for the time resolution of PSC's:
One should note that No is approximately the same for all of the counters shown in Table III The time resolution for a pair of 9 cm x 9 cm counters constructed -at SLAC is shown in Fig. 17 . These data were collected using a cosmic ray telescope equipped with drift chambers for particle tracking. Shown in Fig. 17 is the difference in the end-to-end time averages from the strip lines for the two counters. Both counters were run at P = 12 atmos. and had 185 nm gaps. The high voltage was 6800 volts in one counter and 7500 volts in the other.
A PSC can also provide a position measurement in much the same way as conventional scintillation TOF's do. This is done by taking the difference of the times measured at each end of the strip lines and correlating this with the measured location of the particle crossing.
Using the drift chamber information from the cosmic ray telescope we can fitstraight line trajectories for the particle tracks. The results of the difference from the fitted track location in the PSC to that predicted The second point is that an extended "burning-in" period is required for PSC's. This is accomplished using an intense radioactive source to make the counter spark -lo5 times per square centimeter. During the burn-in period the high voltage is slowly increased with attention n to the singles rates which should be kept below about .04 Hz/cmL. It has been conjecturedlo that during this initial period of use, a film of'polymerized gas coats the electrode surfaces, covering up small imperfections that would otherwise lead to spontaneous breakdown. No information yet exists on the maximum lifetime of PSC's. Greater than lo7 sparks/cm* seem to not adversely affect the counter's performance.
Whether or not PSC's can withstand the sometimes severe radiation environments present at storage rings is also unknown.
We are presently constructing 20 cm long PSC'_s here a_t,SLAC and will then'make-120 cm long counters. Our 9 cm x 9 cm counters have performed adequately enough to encourage us that these large counters can be made to work well with time resolutions at or below the 50 psec level.
Referring back to the introduction where particle identification using TOF was discussed, optimistically we might expect to be able to separate the various particle types using PSC's to momenta above 3 GeV.
This would nicely complement the dE/dx technique using drift chambers by providing particle identifications in the "cross-over" region. 
